This paper presents various techniques for materials characterisation in relation with the question of microbial impact. Applications examples of some of these techniques are described as well as the respective results obtained by researchers working in this field. Additional readings are also reported.
BIOLOGICAL TECHNIQUES
1
Sampling with adhesive tape (SAT)
In many circumstances the sampling and monitoring of a 3 building materials biological growth should be performed 4 using a technique that is not only non-contaminatory but 5 also non-destructive to the construction. 6 The use of adhesive tape, a technique borrowed from 7 clinical mycology, was first bought into the cultural 8 heritage community by Garagni [1] . Sampling is carried 9 out by gently applying a strip of adhesive tape to the 10 surface being studied, which is then removed and placed on 11 sterile glass microscope slides and kept in a sterile box until 12 arrival in the laboratory. The strips are then cut into small 13 pieces and sorted for microscopic and cultural examination. 14 Light microscopy is carried out by adding a drop of 15 sterile water or other liquid, dependant on technique you 16 wish to use, on the strip and placing a glass slide on the 17 reverse of the tape (to keep it flat during examination). The 18 drop of liquid often expands the microscopic organisms to 19 make it easier to identify each of them under low 20 magnification. 21
For SEM examination the adhesive tape is placed (face 22 up) on a stub with bioadhesive tape, the sample is then 23 dehydrated via ethanol series and covered with carbon powder. 24 After this simple preparation SEM observations can be made. 25
Cultural analysis is performed by introducing the tape into 1 either the solid or liquid medium of your choice, although 2 typically a nutrient rich general medium is used. After a short 3 period of growth it becomes possible to identify many of the 4 organisms present in the community. This is particularly 5 useful for microorganisms (e.g., algae and certain types of 6 bacteria) which can be grown on a specific medium that does 7 not allow the growth of organisms normally found on non-8 sterile adhesive tape. Unless the tape can be sterilised (a 9 difficult process), many bacteria and fungi will grow on 10 nutrient rich media as contaminants. 11 12 It is often necessary to report on the size of a microbial 13 community with the aggregates; EDX can be used together with a study 61 of the morpholgy to determine which crystals are present. 62
Cell Counts (CC)
The following results were obtained: 63
• The presence of Thiobacilli on concrete sewer pipes was 64 confirmed (Fig. 2 ) 65
• Lichens were observed on concrete (Fig. 3 ). 66
• SEM-EDX prove that gypsum crystals are formed on 67 concrete due to sulphuric acid excretion by Thiobacilli 68 (Figs. 4 and 5) 69
• The presence of ettringite crystals was detected through 70 this technique. 71
• In a research on microbiologically induced calcium 72 carbonate precipitation for repair of concrete and stone 73 surfaces (biomineralisation), the quality of the deposited 74
CaCO 3 -layer is studied with SEM. 75
Details on this research can be obtained in some 76 references [3] [4] [5] . 1 An advantage of this technique is that although a rather 2 small area of the concrete/stone surface is studied, a 3 qualitative impression can be obtained about the presence 4 of micro-organisms and their effect on the substrate. 5 The analysed materials are concrete and stone. 13 The objective of the study is to determine presence and 14 viability of micro-organisms in the material. 7) and also as organised in biofilm structures. It was 37 proposed that these cells represented active Thiobacillus sp. Comparing the Mössbauer spectrum of source rock 29 ( Fig. 8) with that of weathered rock (Fig. 9) , the two 30 doublets in Fig. 8 should correspond to olivines whereas the 31 doublest of weathered rock in Fig. 9 should be assigned to 32 the present of source rock, (the major one) and the to a 33 mixture of goethite and lepidocrocite (as a result of 34 weathering processes and aggregates had been highly degraded, especially for the 1 concretes with OPC. 2 More details on this research can be found in [10] . These 3 techniques are very useful to quantify how deep the effect of 4 the bacteria is penetrating into the concrete or stone specimens. 5 The grade of complexity of the pore system can be 58
Fluorescent cell staining (FCS) -

Mercury intrusion porosimetry (MIP) -
qualitatively assessed with the aid of retention coefficient, 59 which shows what the volume of the mercury trapped in the 60 pore system is. The mercury penetration and retraction curves 61 for hardened cement pastes with different ratio of cement to 62 water can be seen in the Fig. 11 [17] . The dependence of the 63 retention coefficient on water to cement ratio and also on 64 porosity can be seen. 65
The advantage of MIP method is that it is very simple 66 and fast. 67 Engineering, Ghent University, Belgium in collaboration with 7 the Laboratory for Microbial Ecology and Technology, Ghent 8 University. 9
Water absorption is the process whereby fluid is drawn into 10 a porous unsaturated material under the action of capillary 11 forces. The capillary suction depends on the pore volume and 12 geometry, and the saturation level of the stone. Water 13 absorption is an important transport mechanism near the 14 surface, and can therefore be related to the durability of the 15 surface layer.
16
A modified version of the sorptivity test based on the 17
Belgian standard NBN B 05-201 was used to determine the 18 effect of a microbiologically produced calcium carbonate 19 layer on the water absorption of concrete or stone. The 20 specimens are coated at the four edges adjacent to the side 21 treated with the microbiological suspension, to ensure 22 unidirectional absorption through the treaded side. 23 Capillary water absorption is compared to full saturation 24 under vacuum. 25
The effect of a microbiologically induced calcium 26 carbonate layer on the water absorption could be monitored. 27
This allowed to select specific strains of Bacillus sphaericus 28 that were effective to precipitate a regular calcite layer and to 29 decrease capillary water uptake. The analysed materials were concrete, mortar, stone. 69
The aim of the study was to determine the composition 70 of crystalline compounds formed through microbial action. 71 E.g. Fig. 12 shows crystals that were formed on concrete 72 specimens through interaction with bacterially produced 1 organic acids (lactic and acetic acid climates. Besides the same kind of microorganisms, such as 47 diatom algae (Fig. 14) , Actinomycete, Thiobacillus, 48
Cladosporium, Protozoa (Fig. 15) etc., some different 49 unidentified morphologies (Fig. 16) were observed in the 50 studied concrete structures. 51 Through mineralogical calculation it was possible to 52 verify that part of the silica was missed when diatom algae 53 (which uses silica as a nutrient) was present in the concrete. 54
Deterioration products, such as ettringite (Fig. 17 ) and 55 gypsum (among other sulphates) were detected in the 56 analysed concrete structures but the sulphur source could 57 not be detected. 58
This study leads to the following conclusions: 59 • The concrete biodeterioration can be developed under 1 different normal climates conditions (extreme 2 temperature and relative humidity were not considered) 3 independently from the environmental conditions. So 4 they are not a very important factor on the development 5 of microorganisms. 6
• Some of the morphologically characterised 7 microorganisms were the same in the concrete under the 8 three analysed environmental conditions, however those 9 uncharacterised forms are quite different. 10
• The mentioned set of techniques is very useful, when 11 used together, on the study of concrete biodeterioration, 12 however they should be completed with the use Actinobacteria. In addition, the presence of N-acyl-46 homoserine lactone signal molecules was shown by two 47 bio-assays of the biofilm on the concrete under the water 48 level and at the most severely corroded places on the 49 concrete surface of the sewer pipe. 50 
